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THE ORIGIN OF QUANTUM GEOMETRY

H(k) = h(k)- o

Er(k) = th(k) =2 |

+h + hz)

() ~ (h +ih
X y

2h

10



THE ORIGIN OF QUANTUM GEOMETRY
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THE ORIGIN OF QUANTUM GEOMETRY
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THE ORIGIN OF QUANTUM GEOMETRY
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THE ORIGIN OF QUANTUM GEOMETRY
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THE ORIGIN OF QUANTUM GEOMETRY
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THE ORIGIN OF QUANTUM GEOMETRY
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Quantum metric
Yab

ds? = g,,dxgdx,

THE QUANTUM GEOMETRY

Berry curvature Geometric connection
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Quantum metric
Yab

THE QUANTUM GEOMETRY

Berry curvature Geometric connection
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Quantum metric
Yab

H(k) = h(k) - ¢

THE QUANTUM GEOMETRY

Berry curvature Geometric connection
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THE QUANTUM GEOMETRY

Quantum metric
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THE QUANTUM GEOMETRY
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WHY THE QUANTUM GEOMETRY?

Berry curvature
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WHY THE QUANTUM GEOMETRY?

Berry curvature
-Q'ab

Berry phase
Anomalous Hall effect(s)
Quantum Hall effect
Topological states of matter

Orbital magnetism
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Nagaosa, Rev. Mod. Phys. 82, 1539, 2010
Hasan, Rev. Mod. Phys. 82, 3045, 2010
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WHY THE QUANTUM GEOMETRY?

Quantum metric
Yab

Berry curvature
Q-ab

l
Gap = Gap =75 ab

Rossi, Curr. O. S. S. Mat. Sci. 25, 100952, 2021
Torma, Phys. Rev. Lett. 131, 240001, 2023
Liu, Nat. Sc. Rev. 12: nwae334, 2025
Verma, arXiv2504.07173v1
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WHY THE QUANTUM GEOMETRY?

Quantum fidelity

Zanardi, PRL 99, 100603, 2007
Garnerone, PRA 79, 032302, 2009

Optical transitions

Ahn, PRX 10, 041041, 2020
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Nonlinear valley Hall effect

Das, PRL 132, 096302, 2024 \ S Flat-band superconductivity

Electron-phonon
coupling

Yu, Nat. Phys. 20, 1262, 2024

Orbital magnetism

Gao, PRB 91, 214405, 2015
Piechon, PRB 94, 134423, 2016
Freimuth, PRB 95, 184428, 2017

Nonlinear electronic transport

Das, PRB 108, L201405, 2024
Kaplan, PRL 132, 026301, 2024
Mandal, PRB 110, 195131, 2024
Liu, Nat. Sc. Rev. 12: nwae334, 2025
Jiang, arXiv2503.04943v1
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MATBG

WHICH MATERIALS?

MnBi,Te, Mn,Sn
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d Spin-momentum locking

OUTLINE
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Metallic surface states

2D electron gases

Bulk Rashba semiconductors
Topological surface states

SPIN-MOMENTUM LOCKING
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SPIN-MOMENTUM LOCKING
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SPIN-MOMENTUM LOCKING
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SPIN-MOMENTUM LOCKING
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THE QUANTUM GEOMETRY

Quantum metric Berry curvature Geometric connection
Yab
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d Linear and nonlinear magnetotransport
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NONLINEAR ELECTRONIC TRANSPORT
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NONLINEAR ELECTRONIC TRANSPORT

Nonlinear DC Response

(I) hw > E, hw < E, wr & 1
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Jiang, arXiv2503.04943v1
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NONLINEAR ELECTRONIC TRANSPORT
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Lock-in amplifiers
Cryogenic temperatures
Magnetic fields

Gate voltages
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NONLINEAR ELECTRONIC TRANSPORT

2DEG

Ohtomo, Nature 427, 423, 2004
Reyren, Science 317/, 1196, 2007
Caviglia, Nature 456, 624, 2008

o O QL

Konig, Science 318, 5851, 2007
Hasan, Rev. Mod. Phys. 82, 3045, 2010
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BERRY CURVATURE — 1w




BERRY CURVATURE — 1w

" 18

50 . . . 1 1 . 1 20
25¢ | 18

Eﬁi‘ Or ——] 10
25} 0
-20

_50 lllllllllllll

12 -8 -4 0 4 8 12 -60

B (T) Vy (V)

43



QUANTUM METRIC— 2W)
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QUANTUM METRIC— 2W)
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QUANTUM METRIC— 2W
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QUANTUM GEOMETRIC TENSOR
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GEOMETRIC CONNECTION — 3w
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GEOMETRIC CONNECTION — 3w
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BEYOND QUANTUM GEOMETRY — NONLINEAR ORBITRONICS
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BEYOND QUANTUM GEOMETRY — NONLINEAR ORBITRONICS

Anomalous Hall Nonlinear anomalous Hall
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Nagaosa, Rev. Mod. Phys. 82, 1539, 2010
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SUMMARY & OUTLOOK

Berry curvature
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Quantum metric in
topological insulators
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